CORONARY ARTERIOGRAPHY and left ventriculography are essential guides to the surgical management of ischemic heart disease. It is generally believed that coronary arterial narrowing at the time of angiography reflects fixed atherosclerotic obstructions, and that impaired wall motion means recent or old myocardial infarction. Although there have been morphologic studies which have shown a generally good correlation between antemortem coronary occlusions and gross or histologic evidence of occlusion at autopsy," there is little information comparing the function at the time of left ventriculography with the degree of myocardial necrosis or fibrosis, or associated coronary occlusions at autopsy.' A recent study comparing ventricular function from angiography with myocardial histology obtained from small biopsies at the time of operation suggests that hypokinesis at the time of ventriculogram does not always correlate with myocardial scar.5
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To examine the accuracy of the morphologic information provided at the time of cardiac catheterization, we compared the clinical and pathologic assessments of coronary arterial disease and left ventricular myocardial damage. Our findings indicate that coronary arteriography is better at assessing coronary occlusive disease than is left ventriculography at assessing myocardial necrosis or fibrosis.
Materials and Methods
Patients from the autopsy files of The Johns Hopkins Hospital were included in this study if their heart had been studied pathologically after coronary arteriography and fixation in distention,' and if they had had coronary
Comparison of wall motion in 140 ventriculogram segments with myocardial pathology, excluding any post-study or perioperative injury, showed good correlation of reduced motion with 48 (34%) infarcted and 10 (7%) aneurysmal segments. However, 58 
Pathological Studies
Hearts were obtained at autopsy, weighed and inspected. Coronary arteriography was performed on the fresh heart with a barium-gelatin-pigment mass with formalin added just prior to injection through plastic cannulae tied into the coronary arteries at pressures in the range of 100 to 150 mm Hg. The heart was fixed in distention overnight with for- malin introduced at 20 to 40 cm H2O pressure through tubes tied into the atria and great vessels. Stereoscopic radiographs of the intact heart and its transverse "breadloaf' sections were prepared. Photographs were obtained, and representative portions of myocardium were taken for histological study by usual methods.
To evaluate the coronary arterial tree, each postmortem arteriogram was reviewed and a measurement of coronary lumenal narrowing obtained for each segment. The point of maximum narrowing was located and the lumenal diameter measured directly on the biplane radiographs with an eyepiece micrometer calibrated to 0.1 mm. The "typical" or normal lumenal diameter for that segment was similarly measured from the radiographs. The diameters for the segment and its point of maximum narrowing were determined by agreement between two observers. Percent To evaluate left ventricular myocardium, the gross changes in each left ventricular segment corresponding to the ventriculogram segments were examined and the degree of myocardial injury graded on a scale of 0 to 4+. The grades corresponded respectively to no morphological abnormality and slight, moderate, severe and complete or transmural replacement fibrosis. Multiple histologic sections (a minimum of ten per heart) were studied to confirm these grades. All myocardial or coronary arterial lesions determined histologically to be more recent than the time of catheterization were excluded from consideration.
Correlation
After all measurements of pre and postmortem coronary arterial and myocardial abnormalities were performed independently and blindly by at least two observers, correlations of the clinical and pathologic features of each case were made and the similarities and differences recorded. Reduction of coronary arterial lumen area by 75% or more, corresponding to a diameter reduction of 50%, is regarded as a critical or significant stenosis. Where significant discrepancies were noted the case was again reviewed in an attempt to discover an explanation.
Results
The 28 patients ( Three of the 6 clinical overestimations occurred at the ostia of the left or right main coronary arteries which were interpreted as greater than 75% narrowing. The vessels were morphologically normal, and review of premortem angiograms in retrospect suggested spasm at the catheter tip ( fig. 1) .
The diagonal branches of the left anterior descending coronary artery contained 12 (75%) of the 15 clinical underestimations. Review of these angiograms showed that most of those errors were caused by lesions at the ostium of the branch vessel which was frequently obscured by overlap of vessels ( fig. 2) . It was not possible to determine an explanation for the remaining six discrepancies.
Ventriculogram -Myocardial Correlation
The 28 hearts had 140 segments in which the ventriculographic determination of motion and the severity of myocardial disease present at the time of clinical study could be assessed ( In the patients with ischemic heart disease 14 (47%) of the 30 poorly moving but morphologically normal segments were adjacent to segments with infarcts or aneurysms ( fig. 3) . The other 16 segments were not adjacent to infarcts but were present in the distribution of critically narrowed coronary arteries and were in hearts with dilatation and hypertrophy of the left ventricle. The five hearts with valvular and ischemic heart disease had eight structurally normal but poorly moving segments: five of the eight segments were adjacent to infarcts, and three were in hypertrophied and dilated hearts in which an infarct was present. The four hearts with valvular heart disease only had no pathological lesions in the 20 myocardial segments studied. Nevertheless, all of these segments had shown reduced or absent motion on ventriculography. Three of the four hearts had no significant coronary artery lesions but all were markedly hypertrophied ( fig. 4 ).
Discussion
Angiography of the coronary arteries and left ventricle are generally used as the gold standards for assessing occlusive disease of the coronary arteries and the degree of myocardial dysfunction and damage related to coronary and/or valvular heart disease. Narrowing of the coronary arteries at angiography usually represents atherosclerotic obstruction and the degree and location of such narrowing is the major guide to surgical therapy. In addition, the viability of myocardium in the distribution of a narrowed or occluded vessel is assessed by wall motion of the segment at the time of ventriculography, and absence of wall motion is frequently interpreted as indication of infarction of that segment. Thus, whether a given myocardial segment appears viable by ventriculogram may weigh heavily in the decision to bypass or not to bypass a critically narrowed vessel feeding that segment. With the advent and virtual explosion of myocardial revascularization procedures that are heavily dependent upon angiographic information, it is important to reassess the accuracy of the morphologic information provided by these techniques. The purpose of this study was to correlate the clinical information regarding coronary occlusive disease and myocardial damage provided at the time of cardiac catheterization with postmortem findings. Overestimating the size of lumenal narrowing is a far less frequent problem using clinical coronary arteriography. In our study only six (2%) of the 294 segments were overestimated, i.e., a critical stenosis was reported when there was none at autopsy. In three of the instances the explanation for the overestimate was not evident. In three, however, > 75% narrowings were described at the ostia of left or right main coronary arteries in otherwise widely patent coronary trees. Morphologically these mainstem vessels were entirely normal, and in retrospect the narrowings which were clearly evident at the catheter tips were probably due to spasm12, 13 ( fig. 1) 
